An experiment with 495 one-day-old male broiler chicks was conducted to investigate the effects of different dietary levels of canola meal (0, 10, 20%) and copper (0, 125, 250 mg/kg) on performance, carcass characteristics and some blood parameters. A completely randomized design with 3×3 factorial arrangement was used with 5 replicates from 1 to 42 of age. Feed intake was not significantly affected by treatments during 1 to 21 d, 21 to 42 d and throughout the study (P＞0.05). The body weight gain and feed conversion ratio was significantly impaired (P＜ 0.05) when 20% canola meal was added in the diets between 1 to 21 d. Addition of copper significantly improved body weight gain (P＜0.01) and feed conversion ratio (P＜0.05) of the birds during the 21 to 42 d and throughout the study. Carcass yield significantly (P＜0.05) increased due to addition of 250 mg/kg of copper. Proportion of thyroid glands (P＜0.0001), breast, liver, gizzard, pancreas and cecal significantly (P＜0.05) were affected by 20% canola meal. Plasma alkaline phosphatase and blood glutathione peroxidase activities were unaffected (P＞0.05) by dietary treatments. An added level of 20% canola meal was significantly reduced plasma zinc concentration. Levels of copper supplementation increased (P＜0.001) plasma copper and decreased (P＜0.05) plasma zinc levels. Plasma lipids altered by supplementation of copper, so that decreased plasma triglycerides (P＜0.01) and cholesterol (P＜ 0.05) concentrations and also increased high density lipoprotein (P＜0.05). In conclusion, the results of this study indicate that no effects of added canola meal up to 20% of the diet on the growth performance. In addition from this study it can conclude that supplementation with dietary copper had beneficial effects on growth performance and plasma biochemical characteristics of broiler chickens.
Introduction
Soy bean meal (SBM) is often the major source of dietary protein in broiler diets. At different location, however, protein meals other than SBM are sometimes available at lower prices and thus preferentially used in least-cost formulations (Aftab, 2009) . Canola meal (CM), a by-product of the canola oil extraction industry, is available to use as a protein source in animal feeds . The term "canola" is given to particular varieties in which the seed yield oil portion with less than 2% erucic acid and the meal portion contains less than 30 μmol/g of aliphatic glucosinolates (GLS; Khajali and Slominski, 2012) . Although lower in protein, CM compares favorably with SBM with regard to amino acid content. CM contains more methionine and cysteine but less lysine and also has lower amino acid digestibility than SBM (Khajali and Slominski, 2012) . The use of CM in monogastric animal nutrition, however, is limited due to the low available energy content and the presence of antinutritional factors, including GLS, sinapine, phytate and dietary fiber components, such as tannins or nonstarch polysaccharides (Mikulski et al., 2012) .
Copper (Cu) addition to poultry diets has become very common practice because of its growth promoting activity at prophylactic levels (＞125 mg/kg of diet) after the use of antibiotics as a feed additive was prohibited in many countries (Pekel et al., 2012) . Cu has also a great role in lipid metabolism at pharmacological levels in poultry (Bakalli et al., 1995) ; nevertheless, the main objective of adding extra Cu (100 to 300) to broiler diets, in addition to its cholesterolreducing effects, is to improve the live performance of the birds, mainly via the bactericidal, bacterioststic or both, effects of Cu on the gastrointestinal tract microbiota (Karimi et al., 2011; Pang and Applegate, 2007) . The most commonly used Cu for supplementation in animal diet is inorganic Cu in the form of Cu-sulphate pentahydrate (CuSO 4 ･ 5H 2 O) due to cost and commercial availability (Mondal et al., 2007) .
The GLS are major antinutritional factors present in canola meal that limit its inclusion in poultry diets (Bell, 1993) . GLS are a large group of sulfur-containing secondary plant metabolites which are common to CM and other Brassica (Tripathi and Mishra, 2007; Pekel et al., 2009 ). In broiler chickens, feeding a high level of dietary GLS resulted in reduced feed intake (FI), growth rate, and increased mortality (McNeill et al., 2004) . Various treatments methods or supplementation were also tried to overcome glucosinolatesassociated deleterious effects on animal health and production.
Dietary Cu supplementation can affect the nutritive value and potential toxic effects of rapeseed meal. Schöne et al. (1993) reported that the deleterious effects of GLS on broiler performance could be normalized by pretreating rapeseed meal containing high levels of GLS with Cu sulfate before feeding. The Cu-sulfate supplementation may redirect glucosinolates breakdown products, may react to form complex with, or to produce secondary breakdown products by rearrangement reactions (Tripathi and Mishra, 2007) . Interestingly, it has been reported that ileal apparent digestibility of some amino acids was improved by 200 mg/kg of Cu supplementation to diets containing rapeseed meal in pigs (Rowan et al., 1991) . Pekel et al. (2009) also reported that Cu supplementation at the prophylactic level (150 mg/kg), indicated an ability to improved live performance and carcass parameters of broilers fed the camelina diet, which is a number of the Brassica family like CM.
The maximum safe level of inclusion of CM protein in diets for different classes of poultry is often a concern. Therefore, the first objective of present experiment was to study the effect of high inclusion levels of CM (up to 20%) on the performance of broiler chickens. In regard to growth promoting effects of using extra Cu, the second aim of this study was to determine effects of copper sulfate supplementation at prophylactic levels on broiler performance. More importantly, the main objective of this study was to alleviate any glucosinolates-associated adverse effects on health and performance by supplementing broiler diets with pharmacological levels of Cu.
Materials and Methods

Animal Husbandry and Treatments
A total of 495 one-day-old Ross 308 male broilers were obtained from local commercial hatchery, used in completely randomized design with a 3×3 factorial arrangement with 5 replicates. The chicks were individually weighed upon arrival and randomly distributed to 45 floor pens, each pen containing 11 chicks, with similar initial body weight (BW) among all pens. New wood shavings at a depth of approximately 10 cm were used as bedding material over the concrete floor. The house temperature was maintained at 32℃ during the first week of age, and a reduction of 3℃/wk was practiced until the house attained a temperature of 25℃. Feed and water were provided ad libitum and 24-h light was provided throughout of the study. All birds underwent vaccination program (Newcastle disease) scheduled according to the local practice. The experiment lasted for 42 d.
Nine experimental diets were fed in this study. The birds were fed starter mash diets until 21 d of age and followed by a grower mash diet from d 22 to d 42 of age. The basal starter and grower diets were formulated according to the Ross requirements guideline. Three levels of CM (0, 10 and 20%) were used with three levels of Cu (0, 125 and 250 mg/kg) in equicaloric and equinitrogenous diets (Table 1) . Solvent-extracted CM was obtained from a local provider and had amount of 20.7 μmol/g glucosinolate which obtained by analysis according to the procedure described by Kaushik and Agnihorti (1999) in the Oil Seed Reasearch and Development Company of Tehran, Iran. Cu was supplemented as feed-grade cupric sulfate pentahydrate and after calculating the purity was added to basal diets. The 9 treatment diets were 1) 0% CM diet with 0 mg/kg of Cu, 2) 0% CM diet with 125 mg/kg of Cu, 3) 0% CM diet with 250 mg/kg Cu, 4) 10% CM diet with 0 mg/kg of Cu, 5) 10% CM diet with 125 mg/kg of Cu, 6) 10% CM diet with 250 mg/kg of Cu, 7) 20% CM diet with 0 mg/kg of Cu, 8) 20% CM diet with 125 mg/kg of Cu and 9) 20% CM diet with 250 mg/kg of Cu. Chemical composition of feed ingredients and experimental diets for dry matter (DM), crude protein (CP), crude fiber (CF) and crude fat (EE) were determined by Association of Official Analytical Chemists (AOAC) methods 934. 01, 992.93, 962.09 and 920.39, respectively (AOAC, 2000) .
Measurements
FI and BW gain were recorded weekly on a pen basis. FI, BW gain and feed conversion ratio (FCR) were calculated for the 1 to 21-d, 21 to 42-d and 1 to 42-d periods. Daily mortality (if any) was recorded and the birds that were removed or died during the experiment were weighed to adjust FCR and FI.
At the 42 d of age, 1 bird /pen (5 birds/treatment) which representing an average pen weight were slaughtered by neck cut severing the right carotid artery and jugular vein. Eviscerating and rinsing were subsequently done manually. Breast (with skin and bone) was separated from the carcass and was weighed individually. Thereafter, the remaining parts with breast, added together to find the hot carcass weight for determining the carcass yield. Thyroid glands and nonedible viscera including, cecal and pancreas and also edible viscera including, liver and gizzard were weighed. All of these traits were calculated in relation to live BW.
These same 5 birds from each treatment (1 bird/replicate) were also selected for blood sample collection by severing the carotid artery and jugular vein for biochemical study. Blood samples were collected in heparinized tubes and then, were centrifuged at 2500 rpm for 10 min at room temperature (25℃) to obtain plasma. The obtained plasma samples Payvastegan et al.: Canola Meal in Broilers were kept in −20℃ for later analyses. Plasma samples were thawed and concentrations of cholesterol, triglycerides, high density lipoprotein cholesterol (HDL-C), and the alkaline phosphatase (ALP) enzyme activity were determined by autoanalyzer (Abbott Alycon 300, Autoanalyzear medical system, UK) with using commercial available kits (Parsazmun, Tehran, Iran). Blood glutathione peroxidase (GPX) activity was also measured immediately by spectrophotometric methods using commercially diagnostic kit (Ransel, Randox Ltd. UK). Analysis of trace minerals including Cu and zinc (Zn) were estimated by flame Atomic Absorption Spectrophotometer (Perkin-Elmer Inc., Waltham, MA, USA) after Suitable dilution. The experiment was conducted at the experimental poultry farm of the department of Animal Science, University of Urmia, Urmia, Iran. The protocol for this study was approved by animal care and use committee of the University of Urmia.
Statistical Analyses
The data was analyzed as a completely randomized design with 3×3 factorial arrangements of treatments, with 3 inclusion levels of CM and 3 dose of Cu, using the GLM procedure of SAS program (version 9.1). Pen was considered the experimental unit for performance criteria and individual bird for carcass parts, carcass yield and blood parameters. The differences between means were considered significant when P＜0.05, and when significant main effects were observed, differences between means were determined using the method of Duncan procedure. 
Results
Performance
a Provided per kg of ration; copper 10 mg (Cupric sulfate), iron 50 mg (ferrous sulfate), manganese 100 mg (manganese oxide), 85 mg zinc (zinc sulfate), selenium 0.2 mg (sodium selenite) and iodine 1.0 mg (calcium iodate). b Provided per kg of ration; retinol 900 IU, cholecaciferol 2000 IU, tocopherol 18.0 IU, menadione 2.0 mg, thiamine 1.8 mg, riboflavin 6.6 mg, pyridoxine 3.0 mg, cyanocobalamin 0.015 mg, niacin 30 mg, pantothenic acid 10 mg, folic acid 1.25 mg, Choline 500 mg and biotin 0.1 mg. BW gain than those fed diets containing 0 and 10% CM, respectively. Also, the FCR was increased (P＜0.05) by addition of 20% CM in the diets during 1 to 21 d. However, no effects (P＞0.05) of varying the CM levels were observed on BW gain and FCR during 21 to 42 d and 1 to 42 d.
BW gain (P＜0.01) and FCR (P＜0.05) were improved by graded supplementation of Cu during 21 to 42 d and 1 to 42 d, but not at 1 to 21 (P＞0.05). However, no benefit of Cu supplementation was realized in the CM diets. In addition, no interaction (P＞0.05) effects were observed for any performance parameter during the experimental periods. The overall mortality for the experiment was not significantly (P ＞0.05) affected by the dietary treatments (data was not shown). Table 3 shows mean values for carcass parameters at 42 d of age. Carcass weight was significantly increased (P＜ 0.05) when 250 mg/kg of Cu was added to the diets. Thyroid glands weights relative to live BW for the diet with 20% CM were significantly (P＜0.0001) higher than those of diets with 0% and 10% CM. A depression (P＜0.01) in breast weight, as percentage of live BW, was observed due to addition of 20% CM to diets. Dietary CM also increased (P＜ 0.05) the gizzard, liver and pancreas weights relative to live BW such that these organ weights numerically increased when dietary level of CM was increased from 0 to 10%, while significantly increased when dietary level of CM was increased from 0 to 20%. Cecal weight, as percentage of live BW, was reduced (P＜0.05) with replacement of SBM by CM when compared with those fed SBM based diet. Likewise, no interaction (P＞0.05) effects were observed for any Carcass parameter in this experiment.
Carcass Characteristics
Blood Metabolites
Tables 4 depict blood metabolites concentration measured at the end of the experiments (42 d). Although the main effect of CM in respect to plasma lipids was not significant, the concentrations of plasma lipids were affected by levels of Cu supplementation. Addition of Cu in the diets decreased (P＜ 0.001) plasma triglyceride, so that fed the diets without supplemented by Cu resulted in highest plasma triglyceride concentration, whereas fed the diets with added 250 mg/kg of Cu resulted in lowest plasma triglyceride concentration. Also, Cu supplementation at the level of 250 mg/kg significantly (P＜0.05) decreased plasma cholesterol concentration. Furthermore, a significant (P＜0.05) increase in plasma HDL-C level was observed in birds fed the diets that supplemented by 250 mg/kg of Cu, when compared with those fed the diets without Cu supplemented. There were no sig- Payvastegan et al.: Canola Meal Both main effects of CM and Cu were not significantly (P ＞0.05) affecting plasma ALP and GPX concentrations as well as their interaction. Plasma Cu and Zn, nevertheless, were significantly affected by the treatments. The plasma Cu concentration of the group fed diets without supplemented Cu was significantly (P＜0.001) lowers than in those fed 125 and 250 mg/kg of Cu. Cu addition at 250 mg/kg significantly decreased (P＜0.05) the plasma Zn concentration compared with those groups which fed diets supplemented with 125 mg/kg of Cu and without supplemental Cu. Also, a level of 20% CM significantly (P＜0.05) decreased plasma Zn concentration, but only compared with the group fed SBMbased diets.
Discussion
FI was not significantly affected by levels of CM. Lack of effect of CM on FI has probably attributed the cause of the low GLS of CM that used in this study. Leeson et al. (1987) found that even complete replacement of soybean meal (100%) with CM (＜30 μmol/g GLS) did not affect on FI of broilers and laying hens. Min et al. (2009) reported that FI and BW gain declined dramatically with the increasing inclusion of CM from 0 to 25% of diet during 1 to 18 d. In present study, when dietary CM was increased to 20%, it resulted in reduced performance during 1 to 21 d, which showing the negative effects of CM on younger birds. It was noted that diets containing 20% CM had 4.14 μmol/g of GLS, while the diets containing 10% CM had 2.07 μmol/g of GLS. In general, believed that GLS in poultry diets must be less than 2.5 μmol/g . Thus significant reduction in performance of broilers which fed diets containing 20% CM during 1 to 21 d may be result of higher GLS content of these diets.
One of the reasons for reduced broilers BW gain between 1 to 21 d may be due to a higher crude fiber content of diets that containing 20% CM, which may be negatively affected AME n value for broiler chickens (Chibowska et al., 2000) . Another of the reasons for reduced broilers BW gain between 1 to 21 d probably due to higher NSP content of CM as compared with SBM. CM has approximately 16% non starch polysaccharides of which 1.5% is soluble (Kocher et al., 2000) . Furthermore, the lower growth performance in younger birds in the present study may be due to high phytate content of CM. CM contains 2.9 to 3.2% phytic acid, whereas SBM contains only 1.4% (Newkirk and Classen, 1998) . Mushtaq et al. (2007) reported that BW gain was significantly reduced by feeding diets with 30% CM only during 1 to 21 d, and was unaffected during 1 to 42 d, which was in agreement with result of this study. Young animal are more sensitive to GLS than adult and older animals (Tripathi and Mishra, 2007) . The tolerance to GLS in younger birds is less, which impairs thyroid functions . While as the birds grow, the thyroid develops and mature birds can tolerate a fairly high amount of GLS. Also, it should be noted that digestive enzyme activities in the pancreas and intestinal contents increase with age (Nitsan et al., 1991) . Therefore the adverse effect of CM at the level of 20% on performance in young broilers may be due to inadequate development of enzyme activities in contrast to mature birds.
In contrast to present results, Ahmad et al. (2007) reported that CM could be used at up to 20% of diets fed for 1 to 28 d without any adverse effects of broiler performance. The difference between results from the current study and those of Ahmad et al. (2007) could partly be attributed to difference diet ingredients and composition of gut microorganism. Roland et al. (1996) concluded that severity of toxicity of dietary GLS are partly dependent on the composition of the diets in which the CM is included. The difference in composition of diets used, may have resulted in difference in the composition of gut microbes that hydrolyzes GLS and therefore in difference in the severity of toxicity of GLS degradation products (Woyengo et al., 2011) . Also, Rabot et al. (1993) found that toxic effects of dietary GLS are partly dependent on the composition of gut microorganism.
Cu requirement for broilers is 8 mg/kg (NRC, 1994) . Copper is usually fed commercially at much higher pharmacological levels (125 to 250 mg/kg) because of its growth promoting properties, which is caused by its antibacterial properties (Pesti and Bakalli, 1996) . In the present study, Cu resulted in a significant increase in BW gain during 21 to 42 and overall. Concomitantly, there was a significant improvement in FCR during these periods. Similar to present results, improvements in BW gain and FCR were reported when broilers were fed diets supplemented with 125 to 250 mg/kg of Cu in the form of Cu sulfate (Baker et al., 1991) . It has been also reported that supplementing 200 mg/kg of Cu in the Payvastegan et al.: Canola Meal form of Cu sulfate improves performance in broilers (Skirvan et al., 2000) . The growth stimulation effects of Cu could be attributed to shifting the gastrointestinal microbiota, thereby reducing susceptibility of birds to disease, reducing intestinal lymphocyte recruitment and infiltration, and thus increasing nutrient absorption (Arias and Koutsos, 2006; Pang et al., 2009) . Interestingly addition of Cu sulfate could improve intestinal mucosal-morphology, which may contribute to improve nutrient availability and is associated with increasing goblet cell numbers, total goblet cell area, goblet cell mean size, mucosal thickness and a greater number of segmented filamentous bacteria compared with controls (Attia et al., 2012) . Zhou et al. (1994) also demonstrated that Cu might be involved in pituitary growth hormone gene expression and secretion of several neuropeptides in the hypothalamus.
In contrast to the result of present study, other researchers reported that Cu supplemented at the excess levels of the requirements of broilers (8 mg/kg) recommended by NRC (1994) did not have significant effects on growth performance (Banks et al., 2004; Pang and Applegate, 2007) . This is because the extent of the microbial challenge may influence the response of broilers to dietary Cu supplementation (Karimi et al., 2011) . Broilers fed in floor pens are more susceptible to bacterial disease than those fed in battery cages. Arias and Koutsos (2006) reported that supplementing the broiler diet with extra Cu (188 mg/kg) was more effective under immune-challenging conditions. Cu addition at 250 mg/kg significantly increased carcass yield compared with those fed the diets without Cu supplemented, which may be related to antimicrobial effects of Cu against the pathogenic bacteria (Pang and Applegate, 2007) , which leads to an increase in nutrients absorption that can be using for protein synthesis. The relative weights of thyroid glands have increased by 20% CM diets, which may be because of higher GLS content of these diets. GLS degradation products can impair the uptake of iodine by the glands, leading to abnormalities in thyroid function and induce thyroid hypertrophy (Tripathi and Mishra, 2007; Woyengo et al., 2011) .
Despite of the Ahmad et al. (2007) and Mushtaq et al. (2007) who reported, diets containing up to 200 g/kg of low GLS rapeseed meal had no adverse effect on breast meat yield, when CM was included in the diets at 20% breast meat yield was significantly reduced in the current study. However, similar results have been reported by Khajali et al. (2011) and Izadnia et al. (2010) , who observed decreased breast yield in broilers due to dietary CM. Lysine (Lys) is generally the first limiting amino acid in practical poultry diets, which do not have high SBM contents . Decreased breast yield by CM substitution may be due to the fact that the dietary Lys required by broilers to achieve maximum breast meat yield was higher than that required for maximum BW gain . Lys deficiency has also greater effect on the development of the pectoralis major muscle (a breast muscle with entirely fasttwitch glycolytic fiber type) than of the sartorius muscle (a leg muscle with mixed fiber types) (Tesseraud et al., 2001 ).
Additionally, the arginine content of CM approximately twothirds that of SBM (2.08 vs. 3.14% according to NRC, 1994) as well as having a lower Arg digestibility compared to SBM (Izadinia et al., 2010) . Via the formation of glutamate, arginine can increase amounts of proline and hydroxyproline, which are required for the synthesis of connective tissue (Popovic et al., 2007) . Some evidence also indicates that arginine regulates the partitioning of dietary energy in favor of muscle protein accretion and fat reduction in animals (Ma et al., 2010) . Maroufyan and Kermnshahi (2006) and Kermnshahi and Abasi pour (2006) noted a significant increase in the weight of liver in chickens fed diets containing 150 g/kg of rapeseed meal. In our study, in agreement with above findings, liver weight was significantly affected by substitution of high level of CM. This increased liver weight could be attributed to increased activity of detoxification as result of absorption of gut microbial degradation products of dietary GLS (Woyengo et al., 2011) . Newkirk and Classen (2002) also reported increased liver size of broilers as a result of dietary inclusion of CM. In current study, however, the activity of plasma ALP unaffected by dietary inclusion of CM.
Phytate has the ability to inhibit a number of digestive enzymes such as pepsin and trypsin (Pallauf and Rimbach, 1997; Newkirk and Classen, 2001) . The increased pancreas weight as result of increased dietary level of CM could partly attribute to the higher amount of phytate of CM compared with SBM. The reduction in empty cecal weight with CM which is in agreement with Newkirk and Classen (2002) results, is likely due to decreased fermentation in the cecum as SBM contains more fermentable sugars such as stachyose and raffinose than CM (Khajali and Slominski, 2012) . Another possibility is that CM may have some anti microbial compounds capable of affecting the level of cecal fermentation (Newkirk and Classen, 2002) .
Previous researcher has reported that dietary Cu could alter cholesterol and lipid metabolism in poultry when fed at pharmacological levels (125 to 250 mg/kg) over the minimum nutritional requirements (Pesti and Bakalli, 1996) . Samanta et al. (2011) reported that supplementation of broilers diet with 250 mg/kg Cu from Cu sulfate decreased plasma triglycerides and cholesterol and increased concentration of HDL-C. Attia et al. (2012) also showed that plasma lipids, triglycerides and cholesterol were reduced in White Pekin ducks fed with 150 mg/kg of Cu. Ajuwon et al. (2011) reported a significant reduction in the both erythrocyte and liver reduced form of glutathione (GSH) concentrations of 250 mg/kg Cu supplemented birds compared to the control. It has been hypothesized that high concentration of liver Cu regulates cholesterol biosynthesis indirectly, by decreasing the GSH and increasing the oxidized form of glutathione (GSSG) (Kim et al., 1992; Bakalli et al., 1995) . Increase in cellular GSSG concentration has been shown to decrease the activity of 3-hydroxy-3-methylglutaryl-coenzymeA reductase, resulting in reduced carbon flux through the mevalonate pathway and thereby decreasing cholesterol synthesis (Samanta et al., 2011) . The increased Journal of Poultry Science, 50 (4) in Plasma HDL-C after supplementation with excess dietary Cu might be due to high degradation cholesterol, which is esterified by transformation of the long chain fatty acid moiety from lecithin (Samanta et al., 2011) . However, blood GPX activity was unaffected by extra Cu supplementation in the current study. Attia et al. (2012) in ducks and Mondal et al. (2007) in broilers demonstrated that high dietary Cu supplementation increased plasma Cu concentration but decreased plasma Zn concentration, which are consistent with present findings. Increasing plasma Cu concentration due to Cu supplementation to diets indicating that dietary Cu levels were reflected in plasma Cu concentration. In rats has been found that Cu and Zn mutually hamper absorption of each other (Van Campen and Scaife, 1967) . Absorption and bioavailability of minerals by birds maybe affected by their distribution within different sizes of intestinal complex (Shafey et al., 1991) . Minerals associated with smaller complexes may have a better chance for absorption, because the smaller complexes have relatively larger surface areas from which minerals can be exposed to enzymes or proteins for binding and transporting (Pang and Applegate, 2007) . Pang and Applegate (2007) reported that high dietary Cu may inhibit Zn from being digested and absorbed and they conclude that change of portions of soluble Zn in different sizes of complexes may explain the antagonism between Zn and Cu.
Phytin has chemical characteristics enabling it to bind to Zn and other minerals within the digesta of the small intestine and render the minerals less available for absorption (Banks et al., 2004) . Furthermore, Persson et al. (1998) found that the minerals Cu and Zn have highest affinity for phytic acid. So it seems that higher phytate content of CM compared with SBM,could able to prevent absorption of Zn from duodenum, which is the major site of mineral absorption. In present study plasma Cu concentration was not affected by dietary CM levels, thus this hypothesis needs to further investigations.
In conclusion, the use of CM as a substitute for SBM, in the amount of up 200 g/kg, had no effects on performance throughout the study, but it seems that CM could be used up to 10% of the broiler diets during 1 to 21 d and higher proportions of CM may be impaired performance of young broiler chickens. Cu requirements for broiler chickens are 8 mg/kg of an inorganic source, while Cu addition at pharmacological levels (125 and 250 mg/kg) significantly improved performance and decreased plasma triglycerides and cholesterol. However, Cu supplementation did not showed any interaction effect with dietary CM in present study.
